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Increase in girth of trees occurs priaapily 
trm tM fflsristeisatJUs activity of 'mseular caabS*®, 
a 8h<8atlilng aad cylindrical sieristeB located lietveen 
the :itylei3 ma phloem of the shoot and root of dicotyledons, 
g^moBpetm m^ certaM ptetidopl^teB^ It producei 
secmdaiy tissues vhich constittito the wood and haffe 
of t]!is trees* 
The mscular camhitM takes i ts origin ftosi the 
proc'U&blum which M tuiii develops from the actively 
dividiBg md ^larglng shoot apej^ the procambitaia at 
f irst gives rise to t l^ priiaaxy vascular tissues and 
thm to the vascQlar eambiUBift 
I t has long be^ established that the vascular 
camblaa is tio^aally characterized by the presence of 
two distinct systems of cellS| one ccraiposed of vertically 
elonjgated cells constituting the axial systeiSi and the 
other of radially elongated elemesits foiling the horizontal 
systesst ^he procambioa has store or less h<»BOg®}eot2S 
strQcture (^an P43 | 1065 a)« fhe perielinal divisicns 
In p;fOcaiablal cells beg to at a very early stage in both 
the fascicular and interfascicular sectors and give rise 
to a cdmpleta cylinder of procamblaX cdXis,. Early Jn 
it« deirel<^a€Ht %\m procambiuia is organised into two 
systems,, the me of ©longatea cells belonging to 
fascicitlar sectors, ccostitutes %tm primordial fasifora 
ini t ia ls , the other of short cells belmgiag to th« 
Jaterfascietilar sectors, forms groins of prifflordial 
ray ini t ia ls , t\m priaorciial fusifoita toitlals later 
becoste the fusifora init ials of the vascular eaisbiun and 
the primordial ray init ials become the ray ini t ials 
pratper* together these cells for© a eoagjlete cylinder 
of aerlstematie tissue separating the Jiylea and phloeo 
fr<»s a very early stage of shoot d©velopi^nt# 
the eanbial init ials ha^e bem reported to 
tederg© considerable dlai^slocal as veil as proportlmal 
TOrlation with tecreasJng age of the aeristeaj. &irlier 
work c^sarly deaostrates that the laigfch of ftisiforo 
ini t ials gradually increases with increasing axis girth 
t i l l i t attains a aaxiatan* The i^y Initials have be^ 
showi to saltlply appreciably and to t<ym tni ts of 
larger dia^nsions in the older azes* the casibial 
construction Is also noted to have bem affected Igr the 
seasonal yariati«»3, 
Inforaaticm on the above aspects of easbial 
developsent In fiadian tropical trees is s t i l l very meagre, 
fhe presQit proble» has, therefor©, been uadertakea in 
ordtr to f l l i up tli« 9xl9tlng vMe gap in our imowlegga 
about tiM node of eambial deveXopmant aad bdhavloor M 
trap leal tr«@8 In gmeml md M tim M&im comterparts 
lo pairtiealar* It is proposed to wogk otit in detail the 
origliif detnelopneaty struotur® md aeti7it|p of %fm vasetilar 
cambltsn M tl2e foXloviog thre@ trc^ieal species of 
Industrial isqportiBiee* 
}* Alhixzi& lebbdk Beuth. (Hlsosacdad) 
g» 8 < ^ ^ nalftbariettB <BwC») Sehott and aidle* 
a» Ptgiygota alata BOJIIJ. (Stdreuliaoead)* 
mnm or hmmfaym 
It was to 1©8 that Grew gave th© ter® »ca!abitim* to 
a reftoed sa|}, which he heliewa to becc^ ne «l&hox^t0 In Its 
ffiovemeiQt from bark to wood* According to him f irst this sap 
was coagulated mA thm assimilated with the wood* flight in 
1807 ®Bd BOS caasidered that th© bark and wood were derived 
fro23 * casibium* the fluid existing betweso theau Aeeording to 
Lladlejr (1840) the 'caabiwa* was »a iriscid fluid appearing 
betweea barl^  ma wood and responsible for the producticn of a l l 
the oew organs*, aichard, as cited Ij^ r Treciil (3852) assumed 
the eambiust to be an essential fluidf like blood In animalSi 
that nourished but did not get i tself transforsed into the 
growing tissue* 
Geroan authors for the first tifsm recogalaed a cellular 
meristoiaatie reglcn as *ca8ibiuni% Ssaio (:B63 ) dlffer«itia* 
ted procaabial cylinder froa vaseal&r caebiim so as to restrict 
the la t ter to the lateral sjeristess, Laterf De-Miy {B84) 
pointed out the castbiuss as the aerlsteisatie region consisting 
of two or rather of three di f fer^t layers of cells, namely 
(i) tliie single Init ial layer and ( i i ) the tissue mother cells 
including (a) those of the wood side sad (b) of ttm bast side, 
f his concept holds even today. 
QQm& workers (Bailey 1023$ Mmon and Mae Daniels X947 
p, 1S% Foster 1049 p, 39; Banann B65| Hevmia 1966| Esau 1960 
p# X17^  l96Sa, p. 134 and Mahoood 1068) hav© emplqjred the term 
eambifim In a narrow sense to designate onljr the unlssriate 
In it lat tog layer* but eost of the irorkers < Raata 1S92| Coekerhas 
1930} Wight 1933; ^rtschvager 1950| Ladefoged 1952; Wllscn 1964; 
Fahn 1967, p. 270| Koalowski 1971, p, 8| FhUipson gjj, alt 1971, 
p. 1% Ohouse & tmm 1974e| Qhouse & Iqbal 19753 have used this 
term In a broader sense to connote the entire region of tissue 
generation to Include the j^yleoand phloem mother cells as well 
as the ^litlatlng layer* 
The camblUQn or eaablal zone normally consists of an unbroken 
cylinder of mdifferentiated cells arranged in radial files which 
extends into the aature secondary vascular tissues. The transi-
tion froffl the cambial zone to differentiating vascular tissues 
is gradual and It is, therefore, difficult to define the radial 
extent of the cambial £one. Catesson (1964) defined the esBbial 
«one as those cell layers which ere characterised with the greatest 
$HA ecntcnt and the site of most abundant aitoses, and are dis* 
tingulshed fc section by radially narrow cells with thin walls, 
the cambial gone, when active, is separated from the phloem and 
xylea by a band of derivatives In process of differentiation 
which are iiarkedly less rich in RSA contents, have thicker walls, 
and are broader radially* 
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ThBTB ar© thp©e vlows regarding the natuire of tlMi easblal 
Initials. Sartlg (ia&3) considered a biJeriate cambl&l Initial 
layei*, the outer being meant for the production of phloem, and 
the Inner for that of jQrleo* The second eoneept, posttilatlng a 
multiseriate cambium in vhleh all the cells were endowed vith 
equal pomr of multiplieation, was proposed hy Raatz (1392) and 
strongly supported W Kleinmann (1933) and Catesson (1064)« The 
third sa6. the most videl^ r accepted viev is , however, that of 
3annan Cld@5, IBSa) and Newman (1956), suggesting a single 
permanent initial lasrer* This has been strongly substantiated 
t^ Hahmood (IdS) vlth his electran*mieroscopie studies. The 
similar arrangemofit of the files of cells In the phloem and 
a^ rlem ori opposite sides of the cambium st^ports the concept 
of stogie permanaat Initial layer. The cambium may, therefore, 
be defined as *a layer which constantly reproduces itself In 
success lively widening concentric sheets (Harris 1969), and is 
capable of reproducing Itself in a changed form* (Krawczysisyn 
1971). 
{ 
In dieotyledons tho cambiuis originates within the pro-
vascular strand and spreads tangentially to cover the toter-
fasciular regions. In other wopdS| the forisaticn of fascicular 
eambiuiB precedes the Interfascicular cambiuia. Hoveveri Fahn 
fll aiU (B72) working with Rieir^ i|8 found that the formation of 
interfascicular cambium precedes the fascicular a(ie» 
It is coigmonly held that the proeaabium and cambium are 
the two ters}S to denote the two developmental stages of the 
same vascular jueristem on the basis of their close sioilarity 
in structure and developm^t (&aaU| 3043| 1965b) Sterling 1946; 
PhUipscn & Ward 1965$ Cumble I967a| Falii S i %X* 1972| Butter-
field 1976), In contrast to above, Catessm (3964) considered 
that the caiabiuai is as much a special tissue as iQrlem, the 
phloem or the fibres, 
CuQbie (i967a) recorded several points of resemblance 
between proeambium and cambium in C^av^ll^ (Leguffilnosae)* Re 
found two types of cells during the early development of pro-
eatabial tissue (i) the elongated cells, and (11) the short ones 
arranged to axial strands. The elongated cells of the proeaabium 
become the fusiform Initials, and the strands of shorter cells 
are converted Into ray Initials of the caabluja. 
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Th© work related to tli© fQTsmti.m of cambiua out of 
proeaiabitim, is not maeh In l i t«rat«rt . Only a few thorough 
studies haw so far boisa mad® as this aapect (Sttrllng 1MB; 
Catesscii i964| Faha §j&, aL 1972| Soh B78t 19?4a, B?4b5 
Buttorflold 197§). Out of thos©! a l l bat Catessoa (3064) 
supported tht coamoaly held vi«¥ that the titans i t im of pro-
eesbiuffi Into caahlusi U a gisdual proeess md therefor© the 
terms procamhiuia and caashio® are netded for emivmi&naQ <JRly, 
and they do oot represent two different tissues. Catessou (if»64) 
CB the other hssid, found en abrupt trtusltioa fr<»a procambiuai 
to caahlua 3a M^x, W^mimU%mm CAeeraeeae) and she fomd 
the proeambluia to fee aot differimtlated Into long and short 
cells. She further fouad that as t l» cambium aatures, i t 
acquires charaetere uhioh distiaguish it as a tissue* 
In view of the Indeterslnate titoe of Snitiatim, and 
bearing In mind as Esau Cl§6&b) puts i t that the ae<iuisiti€» 
of caisb;lal characters is a gradual process> it is logical to 
regard the provaseular seristea (procaublua) as an early stage 
in the (Xitogeny of the eambiuit. 
CsMBblua of roots has got a different origin, although i t 
resembles ki structure and actlofi to that of stems. The Saitia* 
tlon of the cambiusa in the roots of Pvyu^ has be^ described 
W fisau (1943), and this eimsple if typical of roots in g©ieral. 
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the caoibliim first appeal^  as areas of regular divlsica sitoated 
to the iiaoer side of phloea patches* These areas subsequently 
unite to forta a coa^let© cgrltoder by divisiona oeeurrlng In the 
pericycl® <^posito to the protoKylea* The eambial ring becomes 
circular in section by the early productlai of xylea derivatives 
opposite to phloem. 
IG 
The eaablaia is usually empm^A of two typos of Init ials, 
i , e , , tbe fuslfora sasd ray la l t la ls , allp«<l in vertical mA 
horlzoBtal planes rospeetlvely, fho f&mQr Is radially and 
taught ially short but vertically «loogat0d with parallel walls 
and tapering endSt while the la t ter l» small aaid alisost Isodia-
iaetrlc» fh® faslform Initials glw rls# to axial aysttsj 
Ctraeheids, vessels, sieve elesentSi fibres ^ d paraneJigrffla) while 
the ray Initials form the radial fir horizcutsl syste® Cray cells). 
Pt^ifoi^ Initials are usually, as auch elongated as several hundred 
times their radial disseter, fheir siae varies in different 
species as well as within the species* there is a gradiait 
to cell length of fusiforss Initials almg the tree axis, to a 
certain growth ring the average length Increases fros the base 
upwards, reaching a maicimuQ at about cne third of the stea 
height asid then decreases towards the top (Sanio 1S72| Bailey 
§ Shepard I9l0j Lee a Sialth 1916| Oialk 1930| Bethel 1941; 
Dadswell & fe'ardrop B49| Ohous® a Iq\ml 1077), 
the ray Initials are found Interspersed In grot:^s among 
the fuslfors Init ials , fho groups of ray Initials vary In 
width md length in differmt taxonoaic groups and even within 
the satse p l ^ t . 
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the exact shape of fmtfom Initials was worlced oat by 
Oodd i^m) la PM^B fy^y^sti'.is^ It vas Bhom that th©s© eelU 
haw 8-32 faces ¥ith an av©?ag© of B« the fosifona camblal 
cell® a:re usually imliittcleat© whethQp they ap® long op short. 
The single tmelaws Is gmepally placed at the cmtre of the 
call, :9ailay llt25>a> haft aeamstTat^e th© mia^eleate coneitlOB 
of fasiforaj cells In a ntiaher of gyi«osp®i«© despite thelp 
eoapapatlvely large size. HowevePi lis a reeeat coisaunicatlOQ 
Patel CB75) has shown nialttoueleate emdltim of fusifofis 
cells M $,#j^ ffli?!^ , ^f imem^ 
Xhe wall of fttsifopm carahlal cells Is aade up of usual 
cellulose, associated with noii*eell«lo3lc substances, ^ d 
prlmaiy pit fields through which c^sunieatloQ with contiguous 
eleomts is established fey meaas of plasaodesiaata, Badial valla 
of fusifora Initials are usually thicker than the tangential 
ones, espectolly during dowBaney^  and their primary pit fields 
appear deeply depressed (Preston & Mardrop :^49| Preston * 
Ripley 1964| Wardrqp 1954)» 
Based on the electron microscopic studies, Sriiwastava & 
0«ari^ (1^66) foirod that fusiforia Initials are vacuolated cells 
with only a thin layer of ?grtoplasa ecutalnlng the usual eoapo» 
nents of organelles typical of a parenc^rsa cells. Actively 
dividing cells are highly vacuolated, rich In mdoplassic 
u 
retlculom (IR) of rough cisterniil for% rlbosoaes, centyosoaes 
and coated with vaslcles* Haclettis is larger to such cells as 
eos^are*! to resting cells aad p<KJ«e3se8 a single nucleolus and 
the nuclear atembrane having veil defined pores (Srlvastava 4 
O'Brien 1966), In the resting caabiuiai a large afflouat of space 
is occupied by protein bodies, lipid deposits and vesleulated 
sfflooth isa as recorded by Robards & Kldwal (1969) In iaUS ^ya^l^i^. 
The elctron alerosccipic studies of Srivastava & 0« Brlen 
(1086) also revealed that the basic structure of ray Initial 
is similar to that of fuslfornj laitials* fhey are generally un-
inucleate and the nuclei being smaller than those of fusiform 
cells, 
Ultrastractural studies further revealed that the organisa-
tion of cambial cells undergoes seasonal variations. In vinteri 
vacuoles are small and numeroi^i the plasmodesmata throvci into 
folds and ER mostly in the rorm of snjooth vesicles. In suHraer, 
these are replaced by one or two large vacuoles, a more smooth 
and regular plasjBOdesoata (Srlvastava * O'Brien 1066), Salley 
(1930) and Catesscn (1962) also reported changes in the stage 
of vacuoles passing from winter to susser, Hitochmdrla are 
found In chains or groups in winter materials while they are 
widely dispersed in the suaacr (3uvat 1966| Robards d Kldwai 
19695 Muraanis 1971), Oicotysomes are always active in sutaater 
but oplnicii as to their activity :ln winter differs. They are 
reported to be active by Srlvastava & O'Brien (1986) and It oh 
(1971) and as inactive Ix!^ Srlvastava (1966), Kldwai * Robards 
(19^) , Robards & Kldwai (19^) , Mia (1970) and Muraanis (i97l) 
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la the winter caaibiuni, fh« pore size was also imported to he 
variable <1*S-X1.0 am) at different times of the year (Evert 
thiraaaa & Kaiifa©! (19-%) studied the cytoplasmic stream^ 
lag In camblal eell^ of ZMM^ ^^W recorded a raaxluuiB 
imloelty la the 8prlag| with a stjbseqoeat deelltoe la the 
average rate during the atiEEier, Protoplsss Sa hardened cambial 
eells was aeasely gri«ular ana i t vas In a gel state to winter 
and a sol state In saimer as observed W Priestley (X^^b), 
f«ro basic patteaas of csabla are distinguished on the 
basis of arr^gesent of fusiform initials in t a^g^t la l view 
(Bailey 1583)• Fusifora initials &Qmr in horieontal t iers 
with the eiKls of cells appearing at approximately the same 
level, M the cambiaia which is called as storeyed or stratified 
eambitim,, If, en the other hand, fusiform Initials are not 
arranged In horizootal t iers but la a sore <xt less irregular 
pattern, with their tapertog ends-overlap tog those of vertically 
adjacent cells, the caabiais is classified as the um-storeyed 
or uee-iitratif led type. 
The storeyed easblum is supposed to be the charaeteristlc 
of structurally advanced dieotyledoos (Bailey 1923i Esau 1065a 
aad Fate 10&f) and was considered to be rare. However, Chouse ^ 
Iimus (1972, 1974b) f ©house s t aV <B73)i Paliwal ^ Prasad Cl^70) 
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Sa^ wan <i Pallwal (1^76) hav© reported the oceTirroae© of s t ra t i -
fied ca®bli2B Jn a number of Indian t r ^ l c a l t rees. The strati* 
fl^a atTrngemnt of the Initials is brought about hy tiie nature 
of anticlinal divisico. The forsaatioo of new call walls if they 
Occur in radial IcngitoiMal plane md the daughter Initials 
fail to ondergo Intrusive growth, the init ials asstiaje a 8tratl» 
fled arraiigea^nt. On the other hand| the antiolSnal divieimSi 
if oecar In pseudotraasirers© plan© eid the daoghter cells mdergo 
apical totraslve groi^h, the non-storeyed mmbiaa results. It 
is generally fomd to gyin<^peiias and strneturally primitive 
dicotyledcRS (Sailey 19^3)* The non»stratlfied natare of cambium 
is usually associated vith loag fusiform ^ i t i a l s md considered 
to be pfcgrlogenetically sore primitive than the stratified me 
(Bailey 1923| Metealf ^ Chalk 1§S(J| and Oh<:njse * Items 1074b), 
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the easbial ki3,^iMi,^ im&^rgo division In two direetlcus, 
tht aatieltoal and the perlelSoal. fM phloem and iQrIem eells 
ar© proiiaeed towards oattrsid© ««<! ianersid® rtspoctlvely hgr 
t€fflig«atial (perielSaal) divisions of tlie fmltorm ini t ia ls . 
Aaticlteal divisions in th© fuslfoya initials rosult in the 
ffittltlplicatiofi of the caaijial cells, fh© la t ter is of two sain 
types, i,©,^ radial lc»gltudiiial and pseudotransverse (Bailey 
10S3)* Tho foraer oecups In storayod caahiii® through the 
foiisatim of vartieal cell plate from an© ^ d of th© ce l l 
to the other in a radial plan© (Balloy 1923$ Bsai]« l96Sb| 
Ghoiise ^ iil^ 1973} and th© lat ter In noo^storeyad eamhius! 
with the cell plate rum In g askew and Intersecting the two 
radial \falls at diffei^nt levels* The entielinal dlvialoas 
add to the populatioa of camhial Initials resulting in the 
expansion of th© catahial ^^llnder itself* fhe increase in 
elreasferenee is broaght abont by tang^t ia l eapansion of 
daughter cells to storeyed caiahiiSB and throtigh their expansion 
as well as elongatiaa to DOti*storey«d one. fhe perlclinal 
end anticlinal divisions are also termed as 'additive* and 
»®iilt^>licatlve» dl'^lsions respectively (Sannaa 3056j Duff 
& nolmi 10S7). 
fhe process of pericltoal divisions in caiabial cells 
was flirst described by Bailey (l91i)» The products after 
per i d Mai division In a easbial teitial cell behave 
differently. Oa© aaughtep cell i^tafas the fuuctlOB of m 
teitlali while th© oi:ii»r Ijscoaes a aother sell of ©ither 
jsylea or phloesu Tho mother cells aay matapt to for® ©Itm^ats 
of the secondary vascular tissue hot unually they rosain 
fflepl8t«Bjatle 3ii th® itmsa that they eoritiau® to divide* Both 
HewiaaB (10S6> and Bimnm <2&50,, 30SS) show that mitoses are 
mmt freqn&kt som© d;lstaac© from th© to it Sal ©all© and this 
is particularly true for aorlea laothsr calls uhleh divide lore 
fraqtitntly thsai thos4 of tt«> phloest 
fhar© is soa© differs e© of opiaioa regardJeg th© 
freQ4i^<^ of redivlsioj of t l^ mother cells OR ©ither side 
of th© Siiltlals, Saalo i'BTB) eoftsidered that th© xyleia mother 
cells of g^iM .^yl.ye8t,!^ j^  divide one© or oecaiioually twice 
before aaturatlcxi. Sewam (1056) showed that lorl^ aether 
cells divide oaly twice te g^  i»i^4i^^^ According to Raatz 
(B92) m& idllsoa C3064)t aother cells mdergo several peri-
clival dlvislccis and o»e cell ia bel&g capable of prodac^f 
twenty or isore xylary derivatives, & broad zones of peri-
el iaal dlvislO!i0, which ma^ be thirty jierlsteiaatlc cells Sa 
breadth, i t is found that aajElfflum freqii@icy of divislGa is 
at the c^ t ra l part of th© «m©, Jndicatteg that c©rtaln lorleai 
aother cells are actively redlvtding, WHsois (1964^ also 
estlBsated that the leogth of th® dlvlsim eyclof Jacludlag 
divisiaii synthesis^ and ©alarge®®!t, is about ten days in 
In conifers aatlcllnal alvlsions are virtually cmftoed 
to the carobial ini t ia ls , although th^F oectir occaslooally 
in the aylem mother cells and T&mlf ki the phlota mother 
cells* Hormallf oftly abmit 8l of ant ieltrial aivisioas oeeur 
outs Id© the Saltial layer* la dlcotyUdoas antlcllaal dtlvlstofia 
may agala tee virt«ally T»stTlctii4 to a single cambi&l l&y«r, 
a» iti l^ p,il^ fi€j,^ a^ flogjfdyia (Casbie lM?b), op they oay b© 
distributed over several layers aa te 14l?teUI, la^itc^m^f. 
(Cuabl© 1963) and ^ssL Pimi^l%tmM% (Satesscm 1064), 
lia the woody dicotyledoo, Pvr^s ^mimMjt whleh has a 
Boa-storeyed cambiami Bvert Cl96i) foimd that the majority 
of anticlinal divisions are psewdotransvers© with strongly 
oblique dividing vall»| but few dlvisiens prodQce segments 
cut off the sides of the mother Initials* Ih the herbaceous 
dieotyledca like mM&mS, ImlPmmm «^lch also has a nm« 
storeyed casbiufii, the majority of divisions are the radial 
longltMlaal and pseudotranevers© typea with the leagth of 
the dividing wall vaiytog consldembly in t\m later aid agate 
a ssall perca^tage of divlslais prodttces sega@nts off the sides 
of the laother cells (Casble 1§68)» Ift the storeyed caiablcm 
the radial longitudinal type of anticlinal division ^ s 
cai8ide;f©d W ^Uey to bo a developa^it from the ac««9toreyed 
eambittiB with pseudotraasvers© anticlinal division, 
III pseiidotransvers© division of the nai-storcgred caiBbiui8| 
the dividing wall is usually laJ4 down near the c^ t r e of the 
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eellf l«fss eosracKil^  i t ouiy he ii«&i*«r to cue ^ a resijlting In 
daaghtei' ealls of meqtial 0izQ« In itost of ttia ecQifsrs, th@ 
Inclinatim of the aivl4Mg walls tends to be uniaireetldQal 
In nelghbmrUg cells of tim eaisbima, After varying l«gtb» 
of time, retrersal to t i l t occwrsi these ar© not essentially 
Bynehrmized over tlie mtim ctoblal aos© md, tfe»t»«for©, 
different sectors of the easblaia laty haw paa?tlti(iis slicing 
Ja Aiffitrmt airoetiois Caejnowiess i96l| 1964| Saaaeo l!&63a, b, 
19@4a, bf 156S, 1966a, b)» Hs^nowies Cl364) has proposed 
th« tersi »doaaln» to designate a sector of the emsbluia where 
the asttclteal divisions are t i l ted la cue dipecticm, Domatoa 
differ to sijse and the d«»asSn pattem changes vlth ttee* They 
move up%rard (HeJno«icss I97l| Kraweayseyn W7lf 30?^ HejnowlcB 
& Roaberger 1972) or, In som cases, dosaward Cl^szynski 1972) 
with respect to caaiblal cells as subsefuent amiu&l rings are 
produeedft fhQB& domain slgratioa patterns determine the forsatl< 
of various types of grains in the vood. 
Sometimes, the dividing wall is laid dom longitudinally, 
to one »ide of the ftisif6rs Initials and ^posi te the centre. 
Such divisions that Intercept only one lateral wall of the cell 
have been termed by Cheadle & Esaa iW^) as lateral divisions. 
Barghooiffli (i940a, b) and Bratin iWSS} have described such 
divisiOEis as a c«»iffiiQB method of r&sr origin In conifers and 
dlcotyledms, but other workers have foisid the® to be rare In 
gyanospttrsjs (Sfflfman J05O, 1951©, 19S7b, BSS, 19€8a| Hhalley 
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19S0f Sejnowicz 19614 Sri^astava J963b), & ^rm fiontamj^, 
(Evert 1961) and Igif'ii^ odmdi'aa ^^l,|p|ffi^ L« (Cheadle end 
E9au 1964) about &% of aatlclinal diltfisioBS ai-© lateral. 
la both slow and fast growing trees, tb® Imger s ister 
feitial of a ps««dotrfBJSverae diirislco Is ©or© likoXy to 
siirvlvQ than th© shorter ocias (iaanaa B57e| Eirert 196i)» Th« 
survivlBg iQRg Initials hava the greatest ray eootaets, Tha 
newly forrsod Initials whiah ara siKJrt and h&^ fen ray eontaets 
©ithar lose thair capacity for periclteal dlvltion or natura 
or they mdargo reduction to slse m^ bacoaie cm verted to 
ray Initials, 
Factoid affecting th© fr©«|nen<!3? of catielinal division 
lacluda age, vigour and pr#ssttra» fhe rate of division tends 
to be higher kt young stem than la older csjes (Bffiinan 19S0, 
1360| Srivastava 1063b| (^abei 196?b). Baanan CB50) fomd 
that, iia vigorous yoang Bt©m of qh^ iB^ e.cypai^ i®.y there were as 
©any as three or four successivg> divlsiOEia of a fnsifoisa 
Init ial In cane groving season^ as coc^ared with one In older 
but stlLl vigorous steaai. High freqnmcies of anticlinal 
divisions produce far isore nev fuslforia Initials than are 
necessary for th© Increase in caabial circumfereoco to cqpe with 
the presisure exerted by stcaodary growth, but th© productlco 
of fusifora Initials is aceoaipanled also by their elialnation 
so that only a slight Inerec^jt insults, i^ ainsn (1050) observed 
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that &\iing to th© loss of fustfoiw toitials, thers M&B a 
cet gals of cnly 162 fmctloiial iai t ials as a result of ovei* 
liOO aiitlellaal aivlsious la th© earobimi of q||^^.^.^^4y,l^. 
CCttpr^Jisaceae), Bmmm (1957a) foimd that the fr©qi®D«sr 
of antlclSnal division to th@ caafelHa of fltitea steas wis 
higher to conoav© than to adjototeg coavex sectors, fh© 
rate of onticltoal division rlsea with redact loo to rtog 
width md It decreases upward to the stem, Si the caablum 
of Pyytfs, eoanitmis th© froqueoco?" of antleltoal dlvlsloQ appears 
to follow a blmsial cFcl® (Evert 1061), the aaaber of 
toltlalB wdergotog dlvlsioh to a glv^ oamhlal area is t%ro 
or thrsi© tints greater ©very other year, S^asceal variation 
to the frequeacy of antlcltoal division to th© csmhlu® 
has also \^m fomd to c©rtato eonifofs (Baaaaa 19S0| BSih), 
HowfflBQ (105S) found that the caiBbi«K to ^^M i^^jj^t^ gro»j 
to lf©v South kfalas showed vigoritss aetivlty aad a h l ^ fr«-
qume^ of antlcltoal divlsloa to early vtetort vhH© to raid-
vtotor activity was s t i l l vigorous hat there was fm antlcltoal 
divislms, 
fh® daughter fas ifons colls fomad W t^ ® antlcltoal 
divislaa mdargo various type of trrnisforsatieii, Soiae cells 
eiongatt and @i$aiid to bocomo ftmetimali aos# dtelton and 
aither lose their gaaeratlve capacity ovDiitually Biaturtog 
toto mom or less atnorfflal socondary ©lommts or develop toto 
TB^ toitlali end others sttbdivlda trmsvarsaly, the resttlttog 
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segsmits getting rediieed to ray Initials or lost through 
!iiati3i^ tlQa« Fail log fusifozm init ials ma^  hQ ref aired es 
decltetog laitiaXs m^ the radial fll«s of their derivatives 
as »declJiiMg tiers* (SriTOStava | 0 ^ a ) . Fusiform Initials 
vith the greatest l^g th and the mmt en^mnivQ ray eontaets 
are the successful mes In the eospetitia:i for sar^ival 
(Samiaiii 19Slh| WB7&% Bmnm ^ Bayly 196% ^rert WBl^ 
Cheadle & m&u 1964)• d&eltat&g Init ials, usually vith 
small Imgth and less ray ec»taets, seem unahle to aei|uire 
or retain eaough water for the cell espaaslai which noraially 
acecMipanlas the pericllnal divlsloa (Phill^son sSi ^  5^71, 
In nofi^storeyed cambium, the daughter eambial Initials 
elongate after the pseudotransvers© division. Such an elonga-
tion brings about an Increase In the notsber of Initials which 
Intersect a givm transverse plane Gnd« therefore^ Increase the 
caiabial circuaferenee, Krabbe (1086) psKJtulated the theory 
of gliding or sliding growth suggesting that each cell In the 
i^risteiis grows lndep«fid^tly e^d the growth results In changes 
iR the position of cells relative to one mothert and the 
fo^aticR of new cell-cmtaets« Priestley CB^et) applied 
his theory of syaplastic growth to the elangaticn of caabial 
cells asserting that i t fitted the known facts about the 
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catsblasi !»0tter thim eoac«pt of sliding growth, Symplastle 
growth Involves ntrnt mutual aajuatm^t of <^ll ]jositiQB,¥ltli 
ehangeit la call sl£« end shape associated vith a gradual adjust-
meat of vall« as a eomm fraieevorki without slip hetvem eall 
and call* Adjaewit priaarF cell li^lls grow at the same rate, 
fhe idalls and the aiddle laii^lla grow m a Hhree-pljr* membrane, 
with ao altefnatlOQ In previously fonied cell cootaets. 
SlQijot it Bloeh (3039) suggested that fuslfora toltials elongate 
iB^ groiith at tips csnly, and propc^ed the tena •latrusiire 
growth* • tips of growing cells have thla walls and emtaln 
e^toplmmie aeeuisulaticn. 
,lpical growth of fusifors Initials was observed hy 
Bm&m St yhal l^ (3950) M the eaishius of Ch^^ei*vo^r^^ and 
W ^m-im (1056) In Hiiifi^ i t was foind that^ while the 
growth was restricted to the eell t ips, the actual extent 
of wail Involved was difficult to determine. I t seeaed 
probable that a certain amount of slip between neighbouring 
cell walls laust occur, since wall growth Involves the expansion 
of a structure already iu existmce. This interpret at icn is 
supported W the work of He^nowles (3061) en Ifaria ,^ One to 
i ts localiBed natttret the t ip growth of fuslfora cambial 
Initials Mid their derivatives falls within the eategoi^ of 
Intrusive or interpositicnal growth, 
Blongaticn of fusifor® Initials is under polar Inflnsnee 
In jsany eoaifers (Bannsn 19®b). the cambial cells tmd to 
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elongate mope to on© direction, altfeough the direction say 
be differ^t to different sectors of the camblttia* Host 
apeeles shov an overall predomtoance of either aeropet&l 
or bi&slpetal elan gat Icn. 
24 
Bailey {I9g0b) meastired th© casbial lixitials of a large 
aiitaber of trees and fomd that in most KiieotyledatSi t l ^ 
toitlala *4Qr@ considerably shorter than the fibre tracholds 
but moro ar lass eqtaal la size vith tha vessisl aegmeats* This 
had lead Bailey (1933) to caadad© that by allowSjag for a 
6»10^ error, i t Is ijossible to us© the tracheids of gyanosparas 
and the vessel segiaents of woolly dicotyledons as indicators of 
the approximate leigth of the caabial ta l t ia ls . According to 
-6800yu 
hlra the siase of fasifom Initials vary froa ggDO/u^moag gyra-
aosperii^, 4S0-4400/O asong the dicotyledons showing non-strati-
fied catBbiuia while 170-410/Q araong the dicotyledone showing 
storeyed caabiua, fhe fusifora Initials not only vary In length 
in the different genera as noted ^ Bailey C19S3), they also 
vafy within the gmm a« in |^t|f>y^^^ (ahoufe & limm 1974e) 
QSd t^;^ l|ln ,^% speeles (ahouse s|, ai# 1076h), The height md 
width of the ray Snitlel imits also exhibit a considerable 
variation as recorded by Ghouse & 1mm (I974a» 1974e), Shouse 
Si AdU C 2973| 197Sb) In a nuober of Indian tropical species. 
It is well known that the average sisse of caobial 
initial® varies according to theljp p<^ltion In ttm tree* the 
elem^ts laid dot«i by the cambium at my level In the stem 
show a ri^id Increase In size over the first few growth rings. 
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Variation is also shown lay derivatives of t l» caabitia at 
Aittermt halghts to a givm growth rlug. the av«rag9 Xeagth 
kier&AUQS twom %h@ base of the t ^ o for a short distaoee and 
then fades steadily toirards ths top. fho height at whieh 
ffiaxisRist X^gth is attained gradually intTB&sm in stieeessive 
rings. 
Id relaticn to age, the length of fiisifox^ Initials 
generalXr Increases with the Siiereaeteg age of the axis but 
after reaching the aaxisKtaji i t resaias relatively stable (Bailey 
idgObf aosshard 19SI)* fhe above vas further eanfiMsd by 
Bailey <l9s^)| HeJaowicE ^ He^aowlez Ci0^) | ^rniaa (l?i6g)| 
Carlquist C39#2)| ivert C3063>| ma Ghouse <l Barns (B73), 
fhese workers noted that the fasiform eells of the cambltKa 
progressively Increase in length with the age of t l ^ eambiom 
or In the words of Hejnovcis ^ Hejaonicfj (39SS>f the length of 
fusiform initials is regulated by tl»j rcilative age of the 
eambituau The length of ftisifora Initials is , at any stage, 
partly related to the frequent' of pseu<lotr«isverse eaticllBal 
divisiian as %fell as the 1<MS of Snltlala* The fonaer t«ids 
to depress the eell Imgth whereas t l» la t ter ^hanees the 
elongation (Phllipsen sL iX^ l^^lt P* ®)» 
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The ray Initials forss m Intagral part of the cBmhitm 
8Bd oeewpy a eoos ideraiJle prqjortion of i ts clreuaifereBce* 
faseular rays wtiioh originate froa r ^ iaitialSy are the 
horizontal pareaieligriaatous strands whleh the seeondarr vaaenlar 
tissue have* fhese are very essmtial far the fiactiontog of 
the trertieal eon duet in g e lea^ts of the vood* 
fhe orlgto md dewlopomt of vascular rays has be«a 
fully described hy Barghoom (1940a, b, 1941a| b ) to both 
cmlfers and dieotyledais, A later paper by Sratm (106S) 
deals vith ray dev«l<^{3^t Js both groups. Other valuable 
vQfks Include those of Klinkeii Clj9l4) en faaais bajseata^ Bsiman 
oa f:toaatef3a,^ r.te (JBBQ^ i^sia) and itoJLa (i^4i, 3051a, i^sa, 
1956), Mballey Cl9S0> oa r^^ j^j^ f Srlvastava on the PSnaceae 
<13^a| and aifl^a HU t^ea (1963W| Beijer C1J987) co imjMr 
mmm. and ^Slaoiai Chattaway (1033, B B ) en tfm Sterctilia-
ceae. Evert (19^ , B®D m tom effiaamll,» Cusbie on I l J i t o a 
Imlfifflimm (1963), toto^xl^, UM^IMA <B@7b) md M x £ s r a 
liBUlfaiif^Uffl (li69)f «ad Oheadle md Urn (1964) m Mtia-
4md£Sl %mMfMmf mome ^ tmm (B73) m M,^QMU iMM$ 
Qhous© & xqbai < ^77) m ^jmssM ff,gklg?ra» 
(to the bas^ of their origin, vascular rays are classified 
as primary or seeoidary^ Prlaary rays which arise at outer 
asrgins of primary xylea, originates from prlasiy body cells 
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tmom as 'Primordial ray ioitials* (Barghoom 1940b), Prlaary 
rays say thus be defined as raya oeewrtog in tbe secondary 
body btit orlgiaatiog in the primary tissues, Seeondary rays 
originate fr&m ray initials derived from fusiform ones during 
sedcndary growth (Barghoom 3340a, ^ Bonreau 1957). 
Bay initials are formed ia various vays$ a single cell 
isay be cut off the side or the end of a fusiform initialf a 
decli33ing fusiform initial may be reduced to a single ray 
laitlaa, or all or part of a fusiform Initial aay be segmwsted 
tfy transverse divisions to foita a tier of potential ray 
Initials, These processes are not entirely distinct froo 
me another (Phllipson & lizard 2065), 
la the foinsiatiQQ of ray initials at the side of a 
fusifora initial the division typically occurs about half wc^  
along the cell, The smaller daughter cell may be reduced in 
height before its conversion to one or more ray initials. All 
degress of transition occur between this type and the formation 
of ray initials from a cell cut off the @)d of a fusiform 
initial, in which the division may occur either at the end 
of fuBlforiB initialf cutting off the entire tip, or at varying 
distance from the end (Barghoom 1940a), 
aay contacts of segasnted fifislfora initials also affect 
the conversion of the latter into ray initials, Ray initials 
t^d to arise through segmentation froa fusiforio initials with 
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poor i w oontacte md this way a eosistmt relatiotiship bttwesn 
fiisifona mA ray »lea®at8 is maJataSaea {Phllij^sm jgl aL B71). 
Bs^B usually originate as single cells or wiser late 
strands In !>oth gyimosperas ana angioapenss* Oocsasiaaally, 
sultiseriate rays of ^glosperias mBf originate }xy iiriBim ana 
redtietion of a group of tang«it tally ana wrt ical ly eontlgnons 
fuslfora Initials (Philipsan 4 Mara 106S). 
Structurally priaitive diootyleaoo* possess both m i -
seriate ana multiserlate r^s* the uoiseriate ray is high 
ana eoinposea of largti vertically elmgatea eells^ vhile the 
aulti ieriate one has a sain bo^ sade up of aore or less 
isoaiaii^trie cells md Img wings of cells similar to those 
of the mieeriate ray (Sarghoom l!940bf 1941a) # 
Ba^s of QmiftiTS md structurally prisitive dleots may 
Increaa^e In size by the enlargement of r&f leiitialei ai^islon 
of ray Initials follovea W the eipeneion of daughter cells« 
incorporatic© of sabaiiriaea fuiiform initials by the ©lon^tiso 
of marginal init ials of si^jerposed rays (Barghoom 3940a, l«l4la), 
l^ Imn of fusiform init ials , or by their transformation to 
tay Initials (E\rert I96l| Cheadle t Esau 1964). The anticlinal 
division In conifer rays occurs in transverse d i rec t ly md^ 
in the rays more the© 3 colls high, rtaaln confined only to 
sarginal cells« I t , however, occurs In r«^ Initials of dleots, 
either In a longitudinal or transi^rse plane and even la the 
initialii situated centrally In a ray (Phllipson fil aL 1^71, 
p# S2), 
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Hays tmy reduce in size by the loss of r&y initials 
(Barghooiti 1940b, I94iaj Evert 1961), or by the splitting 
of rm^B %*ich amy be caused !^ the totrusion of elongating 
fusiform initials betvaen initials of the ray unit (Barghoom 
1940bj Esau 3JI60, p. 119j Evert 1961) or W the transforoation 
of ray ^Itials into fusifora initials (Chattavay 1933, 1938| 
BarghQ»om 1940bj Bannan 1941, 1950). The conversion of ray 
initials into fusiform cues, found most frequently la multi-
seriate ray*units of dieots, is not eosmon in conifers* 
Priiiitlve aultlaerljtte rays are tall and broad with a 
central body of tangentlally and vertically short calls, and 
with i^siiseriate wings siailar to those of unisoriate rays. 
Modified foros have developed fron this type throu^ (1) re-
duct icei in ray sizes, ( i i ) a trend towards uniformity in the 
shape m& size of ray initials, ( i l l ) loss of uniseriate wings 
from ti:te multiserlate rays, (iv) and reduction in the elimination 
of cue or both types of rays (Krlbs S03S)» 
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AS far as th® relative proportion of th® two types of 
initials is eoDcefned, Bailee <1023) had noted that the fusifora 
cells occupy approximately seven eighth of the total circms-
feresce of the eaiahial zm& to EJnai* & a»«eh less proportion 
In oany dicotyledons, and a l i t t l e less than one half in 
certain extreae eases, ait Wilson (i963) ealetilatod the surface 
area of dlffereat carabial initials Jn A^ i,QS coQco^ iOr ao<S fomd 
that the fusifona cells form sore than 9{^ hy volume of the 
eambiuei and its derivatives* Based on the above, Wilson (^€4) 
proposed a raodel for the cambiuin of conifers* Following this, 
Kozlowski (1971) also prc^osed a similar composition for the 
caobium In general, Recmt observation of Butter field (1972) 
«» AMCtelPaglft ll^ llUd& (PapUionaceae) also aiade it clear that 
the fusiform cells may form more thm 9&% of the eambial 
population in certain angiospera@« In contrast to above, Ghouse 
& iqbal (1975)5 Ghouse & Ymm (1974a, c ana 1976) | Ohouse 
et al, C l975ai b) recorded that the fus iforci cells do not 
constitute as high a proportion as reported earlier, They found 
that in majority of Indian tropical trees studied by them, 
the fusiform cells vaiy from 60-301 but in certain extreme 
eases their proportion may fall as low as SBi (Cihouse & Ymm 
1974a). they also found the proportion of fusiform initials 
to vary to a considerable eacteat in different age group trees 
of the same species (Qhouse & T£mm 1073). 
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fh« activity of wsculap casbium is oot uaifaro, bet 
shows groat variatioa Copending m the differ At genetic 
eotstitutlon of plants sod diffarenee in the intextial and 
eacteinal eavlrcnaent. In most of the voody plants,, both 
radial and apical growth is periodical rather than eontinnous 
(Table !)• The periodicity in tesiperate region is clearly 
correlated vith the seascnal changeS| though not so clearly 
in tropics (PhUipson ^ A|^ 1971U Orovth ocouis in spring 
and suaaer and is followed by a period of dormancy or the rest 
period which extends to the following spring* The normal 
seasonal pattern of the caabial growth in tei^erate regions 
is reflected in the forcsatim of annnal rings in the wood. 
In arid regions only one growth ring Q»y-be foraed over several 
years, with a burst of eambial activity apparently occurring 
as water becomes available (Roltermann 2902}• 
Sailey (1954) distinguished two ftndamsntal types of 
eambial activity in the vascular pilots. One characteristic 
of lower vascular plants, gymosperos and less differentiated 
(structurally) dicotyledois and other of certain specialized 
dicotyledons* In the foraer type the fusifora initials are 
ncB-storeyed md the anticlinal divisions are pseudotransverse 
and the resulting products cause an increase in the girth of 
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cambiom. In the latter type^ the cambium is storeyed md 
the bdik of the divisiotis are radial Im^itudlnal and the 
Increase In the periphery of the cambium is due priiaarily 
to th<& lateral ejg)ffl3sioo of the products of these diiriai<»« 
Morphological changes, takiag place during the active 
and doroant phase of the caiQbiu% were studied by IQaudscxi 
(19133? todewick (I9as)| Priestley sll al^ <1933)| Chowdhury 
C1939) and s^ areing & Roberts (10S6), 
Regarding the seasonal changes it was found that the 
dormant eatibius eon^rises a narrow zone of i^dlally flattened 
cells with relatively thick radial walls and dense ^oplsaia, 
The walls I In tangential view, have a beaded appearance 
because of alternate thiekeied areas and deeply depressed 
priaarjf pit fields, Dorsant casbium is usually narrower In 
dioots than In conifers CX«adefoged 1952)• 
Vindications of the caisblal reactivation In spring, 
include the swelling and the subsequent onset of pericllnal 
division of the cambial Initials* The swelling of the easbiura 
coiaprises over the conversion of dark and shrunken catsblal 
cells into lighter and turgid ones, and their radial expansim. 
This is accoapanied by a concomitant appearance of less dmsely 
greuiular cytoplasmi ^largeaent of nuclei mA thining of 
radial tifalls (Fhilipsas $£. sJU 3^71, p« 1S3). Because of the 
Swell In gy the radial walls of casbial calls beoosse so week 
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t ^ t sliglit, pres9iir« if oppliBd to the stem may eause the 
separi&tlm of l^ ark fr^a the wood. This phmOBiencn is called 
8lipp»g« of bark (BSSLU 1965a), Mhil© the slip laar oeetir 
through caahiiia before differentlatiou begins (Priestley 
1930b) I at later stages i t usaallF takes place through t l ^ 
different iat tog aiyles to the region where the edlls hwm 
expm&ed Imt are s t i l l withoat seemdafy valla (Bailey 1043| 
Bvert 19®>, 1961), The pericitoal division once toltiated, 
usually cottttoa© for few months. It say take as 4-6 weeks 
or as mmh as 6 months (Philipsoa s l a L 1971, p, 1^), The 
growth period tends to shortea to higher latitudes aad 
lesgth^m towards the equator, and is gmefally longer to 
cOBife:i« than to dicots (Studhalter §1 gyu 19^) • 
M tropical reglois where ^viroBEontal conditions 
are tisiially less liAittog, the growtog season t ^ d a to be 
longer than to teaperate regions but the growth is not always 
eoDttouous, &ym if conditions are ideal, Koriba (WSB) 
reported that to Malaysia, where growth eoaditions are ideal 
md alfflost wa ifora throagboat the year, only aboat 13% of 
the species exhibit coattoaoas radial growth, although the 
ma|orlty are evergreen, while klv$m Cl96i) recorded conttoaoas 
growth to 4B% of the plants* 
Ftthn (1967) also found certato trees of Israel to 
grow cOKittoaoasly wtthoat my rest tog period. He has classi-
fied the trees of Israel toto five eategorlest ( i) The first 
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esktegQff laeXuded vood^ spec ids wbmre the eamblus is 
{|oi»aicfflit fop a long period witli th© radial growth beginning 
(8) ffcis s®cood eategoiy lacltsdod trees ^ d ihruls wli@r« tho 
camfeial activity Initiates toetvaaa March aad M«^ , «•!#• 
i^ iifioijii. spp«t EluMftlfii spp^i ^m%mi% sMimm tMmsU Ssi^mM 
%> gs3Mm QMMmm smmsm C3) ^ ^^  ^^^^ eatagor^r 
ittcludud sliTtti^ only la whieli the growth r l a ^ ar® produced 
In Fa^ritaryi ^.g*, %ftM ,^% fti:!&,,Ull^l,ft» isOSlSIa^  S^mclSJIil 
(4) the fourth eategoiy tecluded few trees in which the early 
wood formatios starts either In Atigitst or In Sapteiahert e«g,, 
category Included soiae trees mi. shnihs In which the wood is 
produced throaghotit the year, e,g., jmn^ %M%UMJI M^ mMM^ 
Chowdhujy (1961) while working with the aidisa tropical 
trees, found that about 7&% of the trees do not show distinct 
growth rings but they do show resting period raging frsai S*4 
I t was found that even if the growth U cmtlnuous, the 
rate of growth may vaiy periodically (Alviis 3064). Since the 
ellaat® In tropics is oftoj regarded as nsn^seasonali ttm 
Interfflittmt growth In tropical species is frequently ascribed 
to inteifial growth rhyttos (Chowdhury IP68| Mariaux 1963) but 
Alvim (1064) has eraphaslged the marked lnflu«!iee of «iviran» 
mental factors in this regard too« 
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m f©gar<Ss the easjbial activity of teaperate tpeesi 
considerable aaotmt of work exists So llteratui^e but th« 
laforntatlA about the trc^ieal tfi»es te this regard aps>eai^  
to be vety mmgre (f aha & Samat B63| Falsi 1967| Chowdhaiy 
Wm^ PaXiwal & Prasad 1070, Rao 197S, tmm 1976, Ih«i 3977). 
the ca^blal activity starta after svelllng of the 
cambiail cells which is followed by perlelteal divisions and 
the productico of new jQrleia and phlc^is cells* The perlellnal 
dlvislcsi starts at the base of bada and from there spreads 
basipetally to the braaehes aad the trunk (Ladefoged, 1982) • 
fhe location of f irst division In casibiuia may also vary. 
It is e i t ^ r regularly dlstrlbiated across the aone (Ei^rt 
1963| Derr & Evert 1067) or much coisaaa to cells ad^aeait to 
j^lem (Banit^ 195S), 
fhe rate of spreading of perieltoal dlvisiaiis varies 
indiviattally among diffuse poroiis and riog porom dicotyledons 
and conifers. In dlffuse»poroias dicotyledons the spread Is 
relatively slow, and division at the base of the trtrnk asay 
not begin oat 11 several weeks after i t begins in the twigs 
(Warelag 1§S8| ii^ lldox B62), fhe divisicu starts aluaJst at 
the saoe tliae la rfeg-porows dicotyledons md It is difficult 
to detect any tlae lapse between the c<^M«JceBient of division 
to the twigs gnd at the base (Wilcox 1062), 
the Initiation and cessation of camblal activity ms^ 
also show eoBslderable variation depending on the species, 
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ijrigdtir Of growth m4 mi'virmmmtaX emditiaaB^ I t is rapid 
in th@ beglmiJiig and is prolonged eoosidtrably <nrer a Img 
time followed W gradual decltoe, Catessm (3964), however, 
fo«Qd At to b© of mvf short duration Sa yomg branches of 
^SS£ p»eiid<^^^t;^q8. Oaub^aiire ^ Deters (1047) reported that 
the eambitsa teads to be most active In the early part of the 
grand period of growth in evergreen conifers and in the la t ter 
part M deeidtioas dieotyledans« The cambial a e t i v l ^ being a 
gradual process but is gnite rapid for dicotyledons (Bvert 
I960 j 1003| Catesson 1964| Derr & Evert 1967) • 
the casbial zone gsay inereaeef remain eonetant or decline 
aecord;tog to the rate of cell prod«etian. the cell division 
is faster in the catabial Ecne than the tissue differ^tiation 
In earlier atage» Later on the eambial zone becomes constant 
or narrows wh&k the tissue differentiation surpasses the 
eambial division (Philipson jgl, a i , i97l, ?• 1^). The actively 
dividizig cells are those towards the si^ lem* In Psqi^ t^ s^tuB a^ 
the fusiifora Initials produce five or six siyleia mother cells 
Caannask 1964a) which on repeated divisions produce 100 or iQOre 
tracheids vhile phloem mother cells either redivide only once 
or differentiate as such. 
The mtiel lnal divisions leadlni to the increase In 
girth of caffibium occur at the end of growing season (Bmnan 
19S0, 1951a, 3960, B64a, b; Evert 1961, 1963| Derr & 
i 
r-») 
Ev«pt t967| Ctoabie 1^ S7b)# Th© fttslfoim teltlslt attato 
vmximm Imgth either &t the end of the season of radial 
ejEteBSioi^  CBsrmsB BSlb)^ or Ijetneeaa the eessation of radial 
growfeh md the productioo of jgrles aother cells (Evert l§6l)» 
The year to year varlatloa ia phloem focretiimt and 
hetveim irigoroQS and slow growing trees is leaser than In 
the urlem (Artachirager I045| BaimcyEi 30S5| Wilson 1^64). Some 
vigorous conifers produce ten tiiiea more starleia thm phloea* 
In slow growing trees the astount produced was found to be 
OQuali the amount of phloem regaining relatively constant 
(i^ilsce 1964). 
The tiam of phloea and sgrlea dlffer«itiatiai is not 
aeeesaarlly synchronized bat usually there exista a pre* 
dominance of one or the other* Fhloesi forsiation has be^ 
found to begin before, after or together with the xylem forisa-
tiORi and to cease later or simultaneously (Philipson ^ ^ 
1971, p« 187)» Studies on caablua showed the first division 
occurring near atylea (Bannm 195S| Orillos ^ Smith l0St)« 
There are reports of first divisions occurring adjac«it to 
phloem too (Tucker & Kvert 1989)» The xylea and phloera 
producti<3n aay dep^d on relative conc«3tratloa of different 
hormones (Olglgr & Wareing I9d6a)» There exists a correlation 
betwe^i the type of wood porosity* snd pattern of radial growth 
(Evert I960, I96g, 1063$ Bavis & Evert 1066| ISerr ^ Evert 1967| 
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Davis 10681 Dairis A Eveirt 19€8| fweker 19eBf Tucker & Bvert 
30^) , l^yleB a»d phloem mm produeed stoult^eousXjr Iti 
rJfig po^ OQS species, whil@ M difftzse pdrmts 8p@eies phloem 
dlffermtlittes a month or mQT» after the ayleia Is dlffej?eRtia-
ted. i l i i a a m i t o a a W is ^ exeeptlai, with s iaailtaaeoas 
differwitiatim of hoth the tlssiies. 
Frlestler (1030b} eliteidated the relatlortship hett^eo} 
htad break aid meet of cambial divisim. k thorough Invest 1-
gatioR hy Priestley (1030b) reiiealed that casbial activity 
begins at the base of apical buds In dicotyledms and then 
spreads dona to the brmches end trmirs* The easibial division, 
hovever, begins sepax^tely in branches and tnmks In sotaa 
conifers, 
fh® tlae of Initiation of cambial cell division In 
relation to bud break differs cmsiderably for t t e diffuse 
porous and ring porous species. It starts earlier in the ring 
porous trees (PhllipSGn s&. aX^ W7l^ p» 130)• In tropical 
trees, caabial growth is reported to coiasmce la ter In relatic© 
to bud break (Alvis lt64| Helnders-Ootwaatak 1965| Tunus 1976; 
Stim l»77)t Jn Ml<»hel,i% (diffuse porous) and HfilJ^ (ring porous 
cambial activity sets irj well after the eessaticn of the f irst 
of the two periods of teralnal growth (Chowdhuiy A Tanden 
1050), 
the onset of cambial division progresses basipetally 
except in the current year shoot where i t advances seropetally. 
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It spi'tads rather slowly in dlffutse-poroas species so that 
the tree Is itsttall^r in full leaf before the ^ i t l re eambiiais 
Is diifl<Slng| 80<3 very rapidly In rtog porous speeles, with 
the eiitlre eambluia oftm mdergoiiig dlirlsloo while the Duds 
are s t U l to «» early stage of ejipaoslaQ. The rapid spread 
of the activity ia riag porous speeles may be due to the 
preseue®, in th© eambluo or eortlcal tissues before the bod 
break of a horaone precursor which Is ceo verted to auxin at 
a l l levels to th© tree at the time of bud-reactivatlegs (Warelag 
19Sj,b| Oigby & ¥areliig J066b)» Auxin productl(» in aature 
leaves, after the cessation of terminal growth, is oos^arative^ 
ly more M rlag*porous than in diffuse-porous species, ta 
s<Me ring-porous dicotyledons and coaifers the <a®blal 
activity continues ev^ after the ee8sati<ii of tenslnal growth 
(Wight 1933| yarelng 19S8| i*»arolng & Eoberts 19SS). the role 
of auxin was suggested for the continuation of eambial activity 
CWareiftf 1051a, 3066, B5S| Wareing & Black BSSf vfareing & 
aoberts 50S6| Dlg^ & i^ are In g I066b), 
there exists relationship between; carbohydrate can cent ra-
tion mi. cambial activity* lleavy fruiting and seeding may 
retard the level of caabial aetii^ity (Antetm 398Sf Slock 19S5| 
auber 1^ Jazwitseh 19S6| Hott ^ ^ WB?)* Carbohydrate may 
have todirect effect on auxin production thus affecting the 
eai3biui9« 
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Activity of caiBbiu© lJ r«gtilate«l l^ s©¥«Fal lateifial 
md enA^mal faotors whicli Inelud® the hereditoir eonstitutiao, 
physioiogieal phesosena md eavircniamtal coiiditiocs. idithli) 
th© I te l ts net W tb© g©50typ«| the easblal grcnrth depaias 
m tha availability of wattr, ratoepals, carbohydrates and 
hori8on.es. fhoa, any factor that falls short may bteoa© 
limit Jug factor for tij© radial growtli, Mvirmmmtal factors 
exerting a direct or Indirect influence on tbe camblal activity, 
Incltiie rainfall, temperattirei soil iaoistur©| light totmsity, 
photo]p*eri<»l^  Og and COg levels^ wind, topograpl^, altitude 
m^ latitude, defoliation, eroim siee and c(^petition« 
Lucid accounts are available m the role of teisperature 
(Pr ies t ly 103Ob| Pearson 106O| LMefoged B5% Bsnnan 1965| 
Eggler 5^S6| Slock 195S| Fraaer 19S6| Mare teg 19S8| Ko^lonski 
iltaJU B62| Faliwal a Prasad 1970} Palliml s t aL 1^7S). 
f©Bi>efatare is the aost le^ortant as a limit teg factor* I t 
affects the eambial activity directly and other physiological 
processes todirectly. It is the teigjerature that detemtee* 
the time of reactivation of the caabiu® mid its level of activlt 
during the early part of t l^ growteg sea9<3G« Soil teaperature 
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regulates water uptake* fli®re is a positive correlation 
hetvemi easbial activity md air tos^trattira Sa the tropica. 
Tocsperataro is tijs m&in factor at a latitodo of 14^0* S 
affect Jtog growth periodicity. Higher t«!s»p©ratar#s enhance 
the triiaspiratim, rat© thus affect4a§ th« racial growth 
(Friositer 104i| Fri t ts l tS)» fhe lateractloe betwtan tompora-
tur© mA photoperlo^s i»esalts Sa the eossatiaa of caisbial 
activity CWaisol & Palm 1B6S)* 
The role of water in tree growth «as ©locidated hy 
Cramer CIS82). Water aay affect easbial activity iirectly^ 
aad to^lireetly as i t is required for various other plgrsiological 
processes which In turn affect caahial activity. 
the rainfall and caablal growth, io spite of tha complex-
ity of reletimship hetweiKi the!s» are usually closely correla-
ted| m.d the growth cwves aore often show a relet iceiship 
to rainfall thaa to aay other single factor (Qlocfe 19S5), 
fha drainage of water to the deep &&m parts of soil is soaa-
times more ijj^jortaat tbm the amomt of rainfall. Water thus 
gets accQiaulated la pits and rtamels, f he «pper water layers 
diy oat sosner \mt the soistHfe is thtts conserved for years 
Sn deeper soil layers (Phillpson §^0X0 IS^lf P» 13S), Possible 
effect of run off is exhibited to soae ^e^i^ia species In 
Hegev-desert where the annual ralnfull is lesser than 6 im^ 
showing cffljtinuotis caabial activity C FaJB 1969)• 
^ 
Wotrt < 1982) «nuaclated that th© dormant cambium of seny 
species cultured to vitro, when eiqsosed to a teoperatare of 
about 2^^C^ resumes activity without adding any growth promot-
Sag substtanee. H© holds that auxin asy b© rosorwd to tlssuef 
adiaeoot to the catsbltsis and b@ llborated by teoporattire 
iHcreaa®, This could aeootiat for soae report of Initiation of 
the cell dlyisioD la the abseace of buds. 
Light In t^s l ty pl^d an importaat role la the radial 
grovth« There la a positive relationship between light 
totensity and photosynthesis (Frlt ts 1I3S3). The delay te food 
proauctlcR causes delay in easblal activity. Short end long 
photoperiods have their effects en caasblal activity (Wareing 
10S8}« Warelng (1051a) noted that in the absence of bud growth, 
caablal activity Is prolasged under long days and stopped under 
short diays in £J|ia§, sy|vestyig. 
Coapfitltisxi ffi^ depress the radial growth rate of trees 
through its influence m the ero«j and roots. Competition for 
light, water, m6. alnemls affects the ability of the tree to 
produce carbohydrates g©d hormcnes, and the root growth Is 
iahiljlted by th© horffiOtie and food deflei«icy, causing a retarted 
water imd slaeral uptake. 4 heal th and veil foliaged tree will 
produce suff lc l^t quantity of auxin than a tree deficient 
in food and hors)Oaes« The auxins spread store rapidly In a 
long crowned tree than shorter cues. 
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the eaaifetufi Isy affecting the distribatlon of hopaones Jn 
laelJtoid 8t«as («a?eiag ^ aJU 1064} Leach and w&f^ teg 1067), 
fhe aujtln coneeatratioo is higher In horizmt&l shoots aa 
lower sida than on the upper ca©, in soiae diootyltdcos aoaw 
inhibitors wet© foimd catistog redactIcn in ttm eambial 
ftctlvity m the iisderslde of horUmt&X branehes. Higher lAA 
eoneentratios promotes anatoiaical features of cospression 
wood in fyBBOsperaia, & relatively lower ccw cent rat ica was 
needed for productim of t®ssion wood (iecesany 19B&)» Lattr 
on thif was c«3fiflrB»ed W CroiiBishsw ^ Horay (1065)} Eennedy 
4it Farn&r (1965)« Higher level of auxin concentration Sn 
cambSal zone cannot he enstired without tissue contlnnity 
extemal to uylea sBd In ahs^ce of foliage (Oloek ^55 | Mott 
Si ^ BS?| Stndhalter ^ ^ 1033} wod«iefel &• yod^leki 1073>, 
Csffibial growth is affected also by the hloekage of phloem 
hut the effect i^ries with the species and with the time of 
treatBient (ParoSng BSlt^ feinss WS^^ Milcox 196g| Evert ^ 
So2lo«sfei 1^ 67} Ifoel 3070) • Si Asis laffla^I^t '^m (<tiff«se 
porous species) the Initiattcn of caohial activity md phloera 
differffl5itisti<aa stopped due to lalockage CKvert t l . Si* B72), 
Severing of phloem ih dormant or growing seasons cansed sab« 
division of caahial eelle into pareaehyaatoas ©lei^nts* 
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Cuabial activity Is liiiilreetly affected W pressup© 
(Broi© 1064), %op9gmpW ^ ' i pattiogms (Pf©lff«i? as»26| B<^ c« 
1948| Biiitlep & Jcnes 30^) . Th© stlmttlus recel^d fp«»i 
pathog©»s t^ the caabtoBj yesulti In the iewlopmoit of galls 
and ttnaotirs* 
phm (^ Btmfi 
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(iO Sdiiphie roeoHs cad pheiiQlogleal stiidlsst 
& regular record of thft following «sp«ets v i l l 
b9 malstained for B consoeutivv eftlifid«r years, and 
It wUl be «adaavoured to oorreXata the ellB&tic 
ebanges (teoperaturei humldityi rainfall ete*) vith 
various tree grovtii pbenoaenai 
1) Bud^foroatioi and !md expanaisn 
2) lieaf Initiation end leaf expansion 
3> Mode asid dtireticn of leaf fall* 
(B) OiveXopaent and differaitiation of oasbiaas 
Position of eaiabitas and its isode of development 
from proeambial cylinder vi l l be studied in transverse 
aEid longitudinal sect ion of yomg shoots, Ss^hasis 
v'Ul be laid on the following aspeetst 
t) Nature and shape of cells 
8) Formation of ray cells 
3) Arrangement of cells* 
(C) Ageing effect on the oaabial struetnresj 
- dl 
Structural,and devel^aenffehwiges of caBbioa 
vith groving age of the axis v i l l be studied In 
51 
B%Ti^9 sampled froei tr9«a of imisr&ig age and elrctii&« 
fiiifenelal 9Ue of %t^ main trmki« f!i» m«t«ni^iti«ied 
ai»pects will ba laid special emphasis opoit 
1) Sis© of yay and fiisifofa Jaltials 
8) Ma@Qitttde ma tmqume^ of ra^ Init ial mi t s 
3) Ratio of ray sod fas if own init ials to T,I.,S, 
(D) S tu^ of eafflbial atruoture In adalt ti^east 
On tile basis of obaractei>s tt«ntim«d above, the 
structtjFd of adult eaabitus naf be eluoidated W studjr* 
ing the sections of cambial sti^ipa collected fron %h» 
adult tree tniiks* 
(S) Study of periodicity in easibiui^ 
On the ^isis of following criteria th& doroanT 
md act iw pbaaes of cambiuB v i l l be recognised froK 
the sections cut in various plmes out of the fort-
nightly collect i€»st 
D <^ll layers in eaabial soie In 7*S« 
2) Size of cai&bial initials and their nuclei isk 
3) Nature of protoplas® and thielmess of radial 
walls in f«L,S, 
4) Starch and other cell Sncluslons in ray and 
fus ifors initialSt 
5 o 
5) Mall cbAriiet0rJUitleS| particularly the nodul* 
appearaaee on radial vails as saen In tangential 
aaotloGS. 
(F) SaiaSGiial yariatlons in eamblal atructare «ad bahaTioor 
tmder the envlronsiental ehangsst 
FollovSng aspects will be studied to detallt 
l> Formatlaa md multlplleatloG of eamblal Initials, 
g) Hatlo of ray and fusiform Initials. 
3} Magnitude and trequme^ of ray Initial units 
4} Aisount osd duration of seemdary tissue forma* 
tlon through seetlcos prepared out of the fort-
nightly collections* 
Seasoaal Inereo^t of (1} sqrleia and C11) phloem 
will be determined by studying} 
I* a) Nature of cell vail and Xmom In sylem eleiaents* 
b) Aiaount and degree of Unification on walls of 
eleiBents« 
II, a> Mature of cell wall (presence or absence of 
nacre wall) In sieve tube eleaents, 
b) Rature of slliae and protoplaSKle e^tsait In 
sieve tube elm^ts* 
e) Anount end degree of callose aeeuaulatlon on 
sieve areas of lateral and end walls of sieve-
tube elejients« 
n&tmms MQ nmmm 
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tim fdilovlng tree speeles are to hQ studltds 
1. 4101122^ JLaiSltelli CM laosactaii) 
3. E.%tl!y,gS!^ ,i, ila.l& (St©rculiae0a«> 
1. m^Mk Isma^ s^th, (Sins) 
4 target erect d«eiduoii9 tr«e with an usbwillft shaped 
crown. It has a clear hoi© of ^-30* aad attains 6» to girth 
with dark hronQf rough irregularly fissured hark. The 
flowers are white ^ d fragrant* 
The tree is ecnasoe throughout Jtodla* It oeeure se&ttered 
in mixed deciduous forests asd aseends to 4000 ft. In the 
Hioalarae* 
A decoetiotj of leaves is used as a re!se(^ for »ight 
hlliKtiess end in ophthalmia* fh@ baric and the seeds are 
astringmt, they are used Sfi piles, diarrhoea and ^smttf* 
The wood is e:seellmt for high elass fuxniture^ Internal 
deeoraticii and is ^valued for parquet and str ip flooring^ 
panelling led railway carriage vorlc* I t is useful for cons^ 
tructioa pui^osesy agricultural itspl©ia«5tS| oil pressors and 
Gane*erushers« It is also useful for isaiclng carts end 
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carriages for well curbs, carvtog etc. I t 1» grom for 
slrndt In t0a mA eoffco platitatioiis, and the shed leavci 
sake good asnare* A reddish hr&m pellucid gu® cjcados 
from cimcks to th© bark. 
It i i used & pl^ rvood and match Industry, A good 
white, writing and printing paper of satisfactoiy format ion 
and sttrength properties with m yield of 47#8 to 4,90^ em 
b© Mde from sulphate pulp of this nood (with 3C^ of long 
fibr<8d bataboo pulp), i t Is also valuable for paper industry, 
fhe bark contains tannin (7«llf), m& sam saponin. It is 
said to bo used In Tamil Hadu to %m fishing nets, 
8. |<^tei iftliteylaqffl < P* C*) Schott and aidle. (Seaiul) 
k large handsome deciduous $oft<»vooded tree with a 
straight buttressed trtralc, whorled branches with spreading 
crown, IS-S© o, high. Bark ashy grey to pale«>broia, having 
hard md short conical prickles an young steias and branches. 
Flowers large, criascn or yellowish, en short thick pedicles 
clustured towards the «ids of tim branel^s. 
I t is coisaon in forests of outer aisalayas upto 
3000 ft, md throughout the hotter parts of Indiai Bums 
and (^Icn, also in Java end Sumatra, 
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Ttm leaves air* given in atrmgaiy^ The bark infusion 
is givm as a ds!QUloent» ths gum «xiided from the bark is 
astrJMigenti tociei stn^tlo and dezatileent* The timber is 
used for laaking packing boxes* The silk surromdlag ttie 
seeds is much used for stuffing loattresses and pillows. 
The tiffiber is soft and is used in the oanufaeture of 
mateh-sticks in isatch industry* 
3* PterygQt^  &Ialft. Hoxb, (ITarikel or Jsngli Badam}* 
A tall hmdaom^ often buttressed tree upto 46 a in 
height end 3 is in girth, with a straight cylindrical bole 
upto 30 »• Bark is greyish brown md fairly smooth. 
Th© trees are cOBnoBly found in the evergreen forests 
of Sforth East Xadia, particularly in Assaio and in the 
Western ghats from North Kanara to Travsneore and in 
/nditnans. 
Bark yields a fibre used for rough cordage. The 
roaited seeds are eaten in ^sas and Buna as a cheap 
sttbBtitute for opiim. Dried seeds yield a fixed oil , the 
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wood is ehlefly used for tea bojces sad other light packteg 
cases m^ also fop light fumltiire* 
th© tifflber is to great demaad W t^ he match ladtistiy 
for fflatch-spllater as veil as hoxes» It has heeo treated 
end fomd suitable at the Forest Eeseareh Itistlttit6| Dehradm, 
for both chesilcal and mechanical pulp for writing end pra t ing 
papers* 
5 • ^ 
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iaSSlMm - Aboat 40 trt0S of n&rml health and vigoar for 
each sptci^s will be solectdd wltfete the tliivtrsity Camptw 
md adjolaing areas an<3 t&gg@d for ausslseriag soriallr* Bm^lm 
trfUl b© col.l«et0d at forteiightly Sat^pvals In th© form of 
tiioclts of 2 em stiuaroi eoveriag the east, westi north md 
south sides of the troo froa. the sate trunk at ch«st height, 
with the help of a chisel m^ haitser for the stii(^ of feriodl-
elt^r and seasmal vartatims in the structure of easibiatB* 
The samples will he obtained out of 0«S trees for each species 
oa each tuna of collectim. For the deterfflination of develop-
mental BQd ageJag effect m eaabluiSi saa^llng will be done 
from top to the bottou of the tree, while reaoving the blocks, 
care will be taken to get the oaiabtom together with som 
sapwood and conduct lag phloesw 
fhe samples will be fixed, m the spot, inf^iukAoT 
Craff III® sad be further aspirated for the free access of 
t ^ fixing fluid Into the deepljr situated eamblal tissues, 
After a week, the naterials will be transferred to 70% ethanol 
for preservation, fhe collection shall be eattended otrer a 
period of 3 ^rears* 
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1. f»iuA» (F©i«malln-a©eto-.alc0hol)t 
Stl^rl aleoiiol (95^) 
Qlaeial aeetle aeiA 
Fo«Bald0l^d© (37-40^ 
mter 
a Cjpatf IIXJ 
Ctooate acia (lUJ) 
Aieatic a d d ClO,^ ) 
FopiBaia«l^da (37*40^) 
Water 
• • » 
• • • 
• • • 
* • # 
• • • 
• *« 
• • • 
• • • 
SO c»e» 
S o«ef 
10 e.c» 
3S 6« C« 
30 c.5» 
0> c*c. 
10 C.C. 
40 6«e« 
S6< |^,oqiyies SeetioBlag of the materials, fop transverse mA 
longltiiaSQal (radial as well as tangential) seetioiiS| vUl 
be made la Relcherts sliding mierotome at a thickness of 
10-18/I3* Serial sections of S-lO/u thickness of the yotaig 
twigs will also be prepared on a rotatory aicrotoara by the 
custoawi^ nmx. embedding process ( Sass, 103) for the origin 
and deirelopmmt of eaubiuis* 
gJ^ jtlUjl^ gs fhe following stains will be used alone or in 
cOffibinatiOQSi 
1, For the study of developoeit, structure and periodi-
city of caBbluB -
a) ieid^hains haematoxylin 
b) Tfflanie acid - Ferric chloride 
c) ^eisatoiylM • SafranWBisoark brom* 
59 
% For the s t t i ^ of seafon&l jteef«ci«n%i and lmglirl%y 
of aeemdarf tissues • 
a) facaaie acid • Ferric ehlorid® • Lacmoid 
b) Safranln • Crystal violet •> Oripg© 0, 
Somt of the schedules for stafQlng am as folloii«s* 
Sections M 
fiO# alcohol 
'B0% Alcohol 
QiMtilleA water 
IrOR-AlUBI^ 
(9,4$ soltitica) 
S ehanpis ki 
distilled wmtftr 
i&eumtoiQ l^lii^  
CO,S^ ipliitim) 
3 ahaitges In vate? 
i iOestaifiing with 
0«sjS ircki alu&t 
1 3 eha&gei la (liatilled water i. ifltsming tap watar 
C3 atostes) 
mi 
QmoM talsaxa 
end cover glass 
t 
4 
dov* oil • Xjrl«i» 
Absolute alcohol • 
dOTO oi l • # l ^ i « 
At^olate alcohol 1 
Alcohol 
t 
?0 | Alcohol 
t 
mi Alcohol 
iafraJio^/BSsiaark hrowa^ 
CO,S^ solotioij) (i*ig hrs.) 
m^ Alcohol 
mi Alcohol 
1 
8» Iron iilua (AisnoQluiB ferric 8tilphat«)i To he used as 
a ffior<laBt. Solutim will he prspaiped la dist i l led water. 
4« i©id®:ihains KaematojqrlSat 0»S|^  solutlsfi lii disti l led water. 
I t stains the living tissue grey or black. 
5. S&fTmin Oi SolBtlQR will be prepared W dlssolvlaf 8.1^ gas. 
dye ki 2 ^ cc of 9S^ alcohol aud diluted with equal aaoiiit 
of water when needed. It will stala li^aified walls red. 
6, BiSK&rk b^wa S Soltition will he prepared !^ dissolving 
1 s^» of the dye Sa 100 ec of '70% alcohol. I t will stain 
ligsii^ied walls of fibres and sclereids etc. as brown. 
6 1 
s* lam,k,„.^Ail ,.ff..I,§grIc „c.til,<??44^  „.-. -MsmM, 
S0|^  aleohol 
30^ alcohol 
Qlstilled water 
(10 Hiliiates) 
3 ehaagos with 
d is t i l le i water 
Ferric ehlorid^ (^•6 ml&ates) 
i 3 ebeiiges with 
d i s t i l l e i water 
Sodium hydrogm^ 
carbonate la 30^ 
alcohol (30 a ton-
tes) I 
tacRjold^^ to 60 | 
alcohol (18*84 
hours) 
Canada tmlsam 
and cover glass t 
^l@ie 
Clove oil * i^l«j0 t Absolute alcohol • 
doire oil • %l«ie 
Al^olute alcohol 
00^ alcohol 
TO^ alcohol 
SOi alcohol 
?« tasoic aeidi l€ soliition l» distilled water 
8, Ferric chlorldet B$ aqweoos solution 
0, SodittB blcarhoaatet 2&$ eoltitioa prepared W dissolvJag 
25 gs HaHCOg in 100 cc of 30$ alcohol. I t gives 
hrmm stain to the tlssaes ishriied grey W ^«rric 
chloride. 
10» Itacsoid or ResercSae blues Soluti® ( ^ will be 
prepared 3a SO^  alcohol. Specific stain for callose 
detection m sieve plate eod sieve areasf iabrwes the 
callose blue* 
3« HttmMASn.^Ml ,%%oli!i%.r. ^mxm ^, if:imi^fi Mimiml 
^ | J alcmol 
mi aleohol 
Crystal ij'lolet^^ 
ClO isteBtes * 1 hy,) 
3 ehaoges %rith 
vat9r 
30^ aleobol 
y 50|g alcohol 
70^ alcohol i 
00^ alcohol 
;&l3$oli2t® alcohol 
CsnasSa balsam 
and co79r glass 
t 
lyl@j0 
Clov® oil * ^Imit 
Dlfftrentists 
mier microscope 
Fresh elotre o i l 
WashM 
c l o ^ oil 
A 
g with used 
Oysaga d^^ (lO fflSaates) 
ll» Crjrstal ^iolcti 1$ solution pi^ar©a In water. 
It stains the C6lltil<^e walls violet* 
l a Oinfig© Oi 1^ solution pi?epar«d In absolute alcoholf 
I t stalas the cftt^lasia oriasfc. 
iitmkfm& Qitm 
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